The use of etorphine (a potent p.-opioid),methotrimeprazine (a phenothiazine tranquillizer) and midazolam (a benzodiazepine) in laboratory rabbits is described. The central ear artery was cannulated under local anaesthesia using lignocaine/prilocaine cream, enabling cardiovascular monitoring in conscious animals. Anaesthesia was characterized by respiratory arrest, profound analgesia and a stable cardiovascular system (after commencing intermittent positive pressure ventilation). Reversal of anaesthesia with buprenorphine [a partial Jt agonist) did not reduce the degree of post-operative respiratory depression, but shortened the period of unconsciousness considerably. This anaesthetic regimen can only be recommended for rabbits that are free of respiratory disease and if facilities for IPPV are available.
rabbits (2.5 kg ± at the start of the trial, and 3.5 kg ± at the end) were used. The 2 male rabbits and 2 of the female rabbits were used for the pilot study, and all 6 female rabbits were used for the main trial.
All animals were supplied by Froxfield Farms [UK) Ltd., Broadway Farm, Froxfield, Petersfield, Hants. GU21 1DR, Accepted 3 March 1994 and were certified Pasteurella free. If any animal showed any signs of ill health, it was immediately withdrawn from the trial.
All rabbits were group housed on dust free shavings ('Gold Shavings', SDS, Witham, Essex, UK) , and fed Rabma pellets (SOS, Witham, Essex, UK) ad libitum and autoclaved hay. Water was available ad libitum. The animals were maintained on an artificial light/dark cycle of 12/ 12 h, at a temperature of 18 ± 1°C, with 18 air changes/h and a relative humidity of 50%. No specific barrier precautions were taken. A 2-week period of acclimatization was allowed before the trial began.
Preparation
The rabbits' ears were shaved one hour before the procedure was due to begin, and lignocaine/prilocaine cream ('EMLA Cream', Astra Pharmaceuticals Ltd, Kings Langley, England) was applied to both ears over the central ear artery and covered with an occlusive dressing. At the start of the procedure the dressing was removed and the cream removed with a swab. A 22 gauge over-the-needle catheter (Intravalve, Bcouen, France) was placed in· the central ear artery and taped in position. This was connected, via a 3-way tap and extension tube, to a pressure transducer and blood pressure monitor (Supermon 7210, Kontron) to enable heart rate and arterial blood pressure to be recorded. The animal was then placed into a darkened box until blood pressure and heart rate remained steady for a 5-min period, which was taken as the baseline.
Drugs
The etorphine/methotrimeprazine was diluted 1: 1 with sterile water for injection to provide a manageable volume for injection. Midazolam, buprenorphine, and naloxone were used undiluted. The doses given during the pilot study are shown in Table 1 .
The three regimens used in the main trial are shown in Table 2 .
Measurements
Arterial blood was collected in heparinized syringes (approximately 0.3 ml per sample), and was analysed in a Stat Profile 3 blood gas analyser (Nova Biomedical, Waltham, USA). A blood gas sample was taken immediately before the injection of etorphine/methotrimeprazine to ensure that the animal was not hyperventilating. Subsequent samples were obtained 10min post injection (immediately before midazolam was administered), during anaesthesia (to ensure adequate ventilation) and 10 and 20 min post extubation.
Systolic, diastolic and mean arterial blood pressure and heart rate were recorded every 5 min throughout anaesthesia and recovery. The depth of anaesthesia and the degree of analgesia were measured by testing the fore and hindlimb pedal withdrawal reflexes by extending the limb and firmly pinching with fingernails the skin between the toes. These responses were tested every 10min until they began to return, at which point they were tested every 5 min.
The time taken to lose and regain the righting reflex was assessed by attempting to place the rabbit in dorsal recumbency during the induction period, and noting when it attempted to right itself from dorsal recumbency in the recovery period.
The time to extubation was recorded in all animals. Animals were extubated on noting the return of laryngeal and pharyngeal reflexes, as assessed by any swallowing or chewing movements.
Anaesthesia
The test dose of etorphine/methotrimeprazine (see Table 2 ) was injected intramuscularly into the quadriceps femoris muscle and the animal was left undisturbed for 10min for sedation and analgesia to develop. At this point an arterial blood sample was taken, the midazolam injected into the marginal ear vein via a 23 gauge 1~inch needle, and oxygen delivered via a face mask (flow rate of 31/min) prior to intubation. Once adequate muscle relaxation had been produced and the animal had lost consciousness, it was laid on its back, and the larynx visualized directly using a laryngoscope (Wisconsin size 1 blade), and sprayed with xylocaine spray. A 3.5 mm diameter un cuffed endotracheal tube was then inserted into the trachea, with the aid of an introducer (Portex Ltd., Hythe, Kent CT21 6JL).
Results from the pilot study had indicated that intermittent positive pressure ventilation (IPPV)would be required, but the first 2 rabbits in the main trial were allowed to breathe spontaneously for the initial part of the anaesthesia, using IPPV only when it was apparent that the degree of respiratory depression was lifethreatening. The remainder of the rabbits were ventilated throughout the duration of the experiment using a paediatric jet ventilator [Chan et a1. 1988 ).
Reversal of anaesthesia
Rabbits were anaesthetized on 2 occasions and randomly assigned to receive a reversal agent (buprenorphine or naloxone) after the first or second anaesthetic, at the dose rate shown in Table 2 . In all cases the drug was administered via the marginal ear vein 20 min after intubation. 
Results
The effects produced during the pilot study are listed in Table 1 .
Prior treatment of the ear with lignocaine/prilocaine cream (EMLAcream, Astral enabled cannulation of the central ear artery to be quickly and easily performed. The rabbits showed no signs of pain or discomfort during cannulation, which was undertaken using virtually no physical restraint. The rabbits appeared calm throughout the procedure and heart rate and blood pressure stabilized rapidly, usually reaching baseline 5 min after cannulation. A single animal showed a persistently elevated heart rate on one occasion.
Rabbits appeared to resent the intramuscular injection of etorphine/ methotrimeprazine, whether diluted or not. No hindlimb lameness was noted in the rabbits following recovery from anaesthesia.
In all animals, within 5 min of injecting the etorphine/methotrimeprazine, the pedal withdrawal and ear pinch reflexes had been abolished.
The forelimb pedal withdrawal reflex always returned before the hindlimb reflex. It was noted in the last 2, rabbits anaesthetized that pinching firmly with the nails over the metatarsal bones produced a much earlier response in the hindlimb than pinching the skin between the toes. This did not appear to be the case in the forelimb response.
In the group that received no buprenorphine, the time to first return of forelimb withdrawal reflex was mean 65 min from injection with etorphine/ methotrimeprazine (range 45-105).
The time taken to extubation in this group was mean 90 min from injection with etorphine/ methotrimeprazine (range 50-110).
No animal lost its righting reflex before the administration of midazolam. The righting reflex returned in all animals within 10 min of extubation.
In the group reversed with buprenorphine, the time taken for pedal withdrawal reflexes to return following injection was mean 5.4min (range 2-13). Extubation was necessary mean 8.6 min (range 5-15) after injection with buprenorphine.
Injection of naxolone in a single rabbit produced a return of both withdrawal reflexes in 1 min, and extubation within 5 min. Responses to testing these reflexes were extremely vigorous, suggesting complete reversal of analgesia. Figs 1-3 show the blood gas results for the reversed and non-reversed groups. These demonstrate that considerable respiratory depression occurs post-operatively in both groups (however, it must be noted that the reversed group were breathing spontaneously much earlier than the group with no reversal).
The single rabbit that was reversed with naloxone had blood gas parameters which were similar to pre-sedation levels, and regained consciousness more rapidly than those reversed with buprenorphine. Fig 4 shows the mean blood pressures and heart rate of both groups of animals. Prior to intubation both groups showed a fall in heart rate, and a rise in blood pressure. Once IPPV was started, these returned to close to preanaesthetic levels.
In the groups that were not reversed and buprenorphine reversed, recovery to apparent normality took 3-4 h.
There was no mortality in any of the groups, either during or after anaesthesia.
Discussion
Neuroleptanalgesia, either alone or in combination with benzodiazepines, has been widely used as an anaesthetic technique for laboratory animals (Green 1981 , Fleckne1l1987, Wixson et al. 1987 . The most widely used neuroleptanalgesic combination in Europe is fentanyl/fluanisone ('Hypnorm', Janssen). When used alone, this product produces immobility and profound analgesia, in rabbits, rats, mice and guineapigs, but muscle relaxation is poor and respiration is often markedly depressed [Flecknell et a1. 19831 . If a benzodiazepine such as midazolam or diazepam is added to the anaesthetic regimen, then profound surgical anaesthesia with good muscle relaxation is produced IFlecknell & Mitchell 1984 , Flecknell et al. 1989 , Green 1981 .
The neuroleptanalgesic combination of etorphine/methotrimeprazine (Immobilon SA, C-Vetl, has been less widely used in laboratory species, although its use in dogs in veterinary clinical practice is well established.
A previous investigation of this compound in the rabbit (Flecknell et ai. 1983) , concluded that etorphine/methotrimeprazine alone was unsuitable, because of the production of profound respiratory depression. This study also evaluated the use of etorphine/methotrimeprazine and diazepam, and reported that although this combination of agents caused less respiratory depression, surgical anaesthesia was not consistently produced. The present study confirmed these findings, in that administration of comparable dose rates of etorphine/methotrimeprazine (2.2 ltg/kg) combined with midazolam failed to produce surgical anaesthesia. Administration of higher dose rates of etorphine/methotrimeprazine (3.5 ltg/kg etorphine) together with midazolam (1 mg/kg) produced deep surgical anaesthesia, with good muscle relaxation. However, as expected, severe respiratory depression occurred. Intubation and institution of IFPV resolved this problem, and it was then apparent that stable anaesthesia could be maintained. Provided IFPV was established, blood pressure and heart rate remained stable and at satisfactory levels. The dose selected for the main study was the lowest that allowed endotracheal intubation to be carried out. An advantage of using neuroleptanalgesic combinations is that the It opioid component can be reversed using a p,-antagonist or partial agonist (Flecknell et 01. 1989) . Results of the present study confirmed the efficacy of naloxone in reversing etorphine/methotrimeprazine. Unfortunately, since this is a full antagonist, there is no residual analgesia, which makes reversal by this drug undesirable after any surgery. The antagonist diprenorphine has also been shown to be effective but similarly, the lack of residual analgesia precludes the use of this compound after major surgery. A partial/mixed agonist/ antagonist is to be preferred in this situation. Nalbuphine would be the drug of choice as far as reversal of sedation and respiratory depression, however the residual analgesia is relatively short-lived in the rabbit (Flecknell & Liles 1990) . For this reason we chose to use buprenorphine in this study as it has been demonstrated to provide up to 8 h analgesia (Flecknell & Liles 1990) .
The respiratory depression produced, both pre-intubation and post-anaesthetic, would suggest that this anaesthetic regimen would be completely unsuitable for rabbits with any pre-existing respiratory disease (e.g. pasteurellosis) when high mortality could ensue. Healthy rabbits tolerated the short period of respiratory depression well, and intubation was easily achieved in all animals.
The use of EMLA cream for local anaesthesia (Flecknell et 01. 1990 ) to allow cannula implantation was an important refinement in this experiment. Application is painless, unlike injectable local anaesthetics, and the need for a previous anaesthetic to implant a cannula is dispensed with. Using animals that were well used to handling we feel that this is a remarkably stress free procedure.
